In order to easily prepare water-soluble polymers and oligomers investigated the optimum conditions under which kaki-tannin, purified from young and immature persimmon fruit, could be treated with a polyphenol in acidic solvents. Finally, we established the following conditions; ethanol containing 0.5 Macetic acid or formic acid is used as a solvent, the ratio ofphloroglucinol to kaki-tannin is 1 to 1, the tannin concentration is about 0.2 to 1.0%, and the incubation is performed with refluxing under a nitrogen stream. Then, various polymers and oligomers can be prepared by changing the incubation time (for example, 3 to 50 hr). Four polyphenolic degradates were isolated from kaki-tannin after such phloroglucinol treatment of longer duration. Their chemical structures suggested that phloroglucinol acts as a unitcatching agent in the reaction, as well as toluene-a-thiol.
Condensed tannins are well known to be present in various tissues of most higher plant species.1'2) the extensive distribution and the amount are supposed to follow those of lignin compounds. It is expected that they are utilized more effectively as a natural source. However, the details of their chemical structures were obscure until a few years ago. Recently, the polymers were elucidated to be polymeric proanthocyanidins consisting of a flavan-3-ol unit linked together by C-C bonds via C-4 of the pyran ring ofa flavan unit to C-6 or C-8 of the phloroglucinol A ring of the adjacent unit.3~6)
We have studied some physiological functions and industrial utilization of kaki-tannin, a typical condensed tannin, purified from young and immature persimmon fruit.7>8) Attempts were unsuccessful in most cases because the highly purified and freeze-dried powder of kaki-tannin is difficult to dissolve in water resulting in a colloidal and viscous solution.
In the present study we investigated the optimum conditions under which kaki-tannin could be treated with a polyphenol in acidic solvents to prepare water-soluble polymers and oligomers with lower and appropriate polymerization degrees.
MATERIALS AND METHODS
Preparation of kaki-tannin from young persimmon fruit. Kaki-tannin was prepared as described in a previous paper.8) It was extracted with MeOH from young and immature persimmon fruit (Diospyros kaki L., cv. Hiratanenashi, an astringent type) picked in August, 1980 and 1981 at the Toso Orchard of Kagoshima University. The yield was about 2 percent. The highly purified tannin was freeze-dried and stored at -20°C until use.
Chemical degradation ofkaki-tannin with simple phenols. The chemical degradation of kaki-tannin was performed in a similar manner to the toluene-a-thiol treatment reported by Thompson et al., 9) Fig. 3 . After 12hr-incubation, small degraded peaks having jRts of 8.10 and 8.40min, and a major peak at 7.53min on the chromatogram of the reaction medium containing 0.1 m acetic acid were observed. The degradation was accelerated in the medium with 2.5m acetic acid for the same duration.
The chromatogram showed that about half of the kaki-tannin was transformed to the two small products (Rts: 8.10min and 8.40min). The major peak had a Rt of 7.87min.
As the concentration of acetic acid in the reaction medium became higher, the total peak area on each chromatogram became larger and the Rt of the major peak increased. After 48 hr-incubation, the total peak area and the Rts of the major peaks were nearly the same for all the chromatograms, except that of the 2.5 macetic acid-medium. Only two small products were observed on the chromatogram of the medium containing 2.5m acetic acid. Kaki-tannin was hardly degraded on incubation in the medium containing phloroglucinol but without acetic acid for 12hr and 48hr (Fig. 3 ). E ffect of molar ratio ofphloroglucinol to kakitannin on the degradation of kaki-tannin in acidic ethanol Degradation of kaki-tannin was accelerated by a higher concentration of phloroglucinol for the three incubation periods (12, 24 and 48 hr), as shown in Fig. 4 . After incubation in the medium containing a one-tenth amount of phloroglucinol the kaki-tannin was slightly Effect of several polyphenols, as unit-catching agents, on kaki-tannin degradation in a formic acid-ethanol solution Phloroglucinol, 1,3,5-trihydroxybenzene, significantly accelerated the acid degradation of kaki-tannin (Fig. 1) . So, another five polyphenols having di-or trihydroxy groups were compared as to the extent of acceleration. The chromatogram of the reaction medium containing phloroglucinol showed the largest total area, the major peak with the largest Rt and the largest area of small degraded peaks in contrast to those of other chromatograms (Fig. 6) . Only a broad peak appeared on the other chromatograms of the reaction medium containing resorcinol, pyrogallol, hydroquinone, hydroxyhydroquinone and pyrocatechol, respectively, as well as that of the medium containing no phloroglucinol.
Chemical structures of completely degraded products obtained from kaki-tannin After 50hr-incubation, 59% of the kakitannin powder was degraded to some ether- (85.6).
A-3 and A-4 were not volatile and gave no spectrum under the same mass spectrometry conditions.
DISCUSSION
Our purified and freeze-dried powder of kaki-tannin which was prepared by the method described previously8* was difficult to dissolve into water, even under heating in a boiling water bath, and in most cases a colloidal and viscous solution resulted. The phloroglucinol treatment described above enhanced the solubility of kaki-tannin powder in water. The treated tannin is easy to dissolve in cold water as well as a commercial tannic acid and results in a clear solution. So, the treatment makes it possible to compare tannic acid (a typical hydrolyzable tannin) with kaki-tannin (a typical condensed tannin) in some experiments designed to examine their physiological properties. properties in relation to the polymerization degree. It has already been elucidated that kakitannin is composed of four flavan-3-ols, i.e., catechin, catechin-3-gallate, gallocatechin and gallocatechin-3-gallate, as described in our previous work in which toluene-a-thiol was used as a degrading agent (or a unit-catching agent). In the present case, kaki-tannin produced four polyphenols on phloroglucinol treatment of long duration, in a similar manner to the toluene-a-thiol treatment. Therefore, thfc chemical structures of these degradates (P-l, P-2, P-3 and P-4) could be presumed from the results of the experiment using toluene-a-thiol. The molecular weights of these acetyl degradates were calculated to be 750, 808, 986 and 1044, respectively, in order of A-l, A-2, A-3 and A-4. With reference to the mass fragmentation of acetyl ( + )-catechin, the molecular ion peak (M+; 500) was very small and the M-60 fragment peak was larger, and the M-60 fragment peak of A-l was 748 and the peak ofA-2 was 690. These peaks can be clearly recognized in Fig. 7 . Mass spectra of A-l and A-2 suggest that their chemical structures are as shown in Fig. 8 . So, it is obvious that phloroglucinol acts as a unit-catching agent as well as toluene-a-thiol. Phloroglucinol may be a useful agent to examine the components of a condensed tannin, a polymeric proanthocyanidin, under certain conditions.
Foo reported in 1982 that the molecular weight of polymeric proanthocyanidin of Rhotinia glabrescens could be modified by hydrogenolysis (over palladium on carbon, at 1000 psi of H2 and 180°C) and obtained oligomeric fractions with significantly lower MWs than the parent polymer.10) The advantage of his method is that the reaction time is shorter but it requires some equipment which can sustain high temperature and high pressure.
